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ABSTRACT: The effect of poly[[4,8-bis[(2-ethylhexyl)oxy]benzo[1,2-b:4,5-b′]dithiophene-2,6-diyl][3-fluoro-2-[(2-ethylhexy)-
carbonyl]thieno[3,4-b]thiophenediyl]] (PTB7) properties on the optical properties, charge transport and photovoltaic
performance of PTB7:[6,6]-phenyl C71 butyric acid methyl ester (PC71BM) blend films is investigated. We found that the
variations in the molecular weight (Mw) and polydispersity index (PDI) of PTB7 mainly affect the phase separation and charge
transport (hole mobility) in the blend films. The optical properties are also affected, but the increase in the extinction coefficient
does not necessarily imply increased power conversion efficiency. The obtained power conversion efficiency for optimized
thickness varied from 4.8% to 7.8% depending on the properties of PTB7. The wide range of obtained power conversion
efficiencies illustrates the importance of optimizing the Mw and PDI to optimize bulk heterojunction morphology and achieve
high performance solar cells.
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1. INTRODUCTION

Poly[[4,8-Bis[(2-ethylhexyl)oxy]benzo[1,2-b:4,5-b′]dithiophene-
2,6-diyl][3-fluoro-2-[(2-ethylhexy)carbonyl]thieno[3,4-b]-
thiophenediyl]] (PTB7) is a low band gap donor polymer of
significant interest for applications in bulk heterojunction
polymer solar cells.1−16 High power conversion efficiencies are
typically reported for PTB7:[6,6]-phenyl C71 butyric acid methyl
ester (PC71BM) blend films, with a number of reports exceeding
5%,1,4,5,7,8,10−13,15 although in some cases lower efficiencies ≤4%,2,5,6
are reported. Among various factors, such as PTB7:PC71BM
ratio and solvent used,13 the photovoltaic performance is also
affected by the molecular weight of PTB7.15 Increased efficiency
of cells with higher molecular weight PTB7 was attributed to
enhanced light absorption, increased mobility, and improved
phase separation in the interpenetrating network of PTB7 and
PCBM.15

The significant effect of the polymer molecular weight on the
performance of bulk heterojunction solar cells has also been

demonstrated for other polymers.16−27 In some cases, higher
molecular weight would result in improved power conversion
efficiency,17,18,22,23,26 while in others an intermediate Mw or
a mixture of different molecular weights were found to result in
an optimal performance.16,19,20,24,25 Molar mass distribution was
also reported to affect the solar cell performance.27 Increased
light absorption and increased charge mobility are commonly
observed with increasing molecular weight of the polymer.17,18

However, absorption is often examined by the measurement
of the absorption spectra, sometimes normalized by the film
thickness.17,18,20 This does not provide sufficient information on
the changes of the optical properties of the polymer. Here we per-
formed a comprehensive spectroscopic ellipsometry (SE)28,29

study of the PTB7:PC71BM thin films for different values of Mw
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and PDI of PTB7. We examined commercially available PTB7
samples from three different suppliers, two different lot numbers
for two suppliers and five different lot numbers from one
supplier (1-Material). This supplier is a commonly reported
supplier in the literature,1,2,5−8,11,12 although Mw and PDI are
often not listed.1,2,5−8,11,12 In addition, the blend films were
characterized by atomic force microscopy and X-ray photo-
electron spectroscopy. It is well-known that the power
conversion efficiency is strongly related to nanoscale morphol-
ogy or microphase separation.12,23,24 The efficiency of solar cells
is also dependent on the vertical segregation and the amount of
fullerene coverage at the cathode, since this affects the cathode
selectivity.5 Increased fullerene coverage at the cathode inter-
face results in higher efficiency.5 This is because higher pres-
ence of fullerene at the cathode interface results in lower leakage
current, that is, lower undesired collection of holes at the
cathode.5 Higher leakage currents correspond to lower shunt
resistances and consequently lower fill factors.5 When fullerene
coverage increased from 35% to 81%, the efficiency increased
from 3.1% to 5.4%.5 Finally, charge transport is a critical factor
affecting the efficiency. The carrier mobilities were investigated
using space charge limited current (SCLC) measurements.22,30

The effects of the polymer properties on photovoltaic per-
formance are discussed in detail. Spectroscopic ellipsometry
characterization has provided insight into the effect of the
polymer properties on its extinction coefficient and consequently
optical absorption. However, the extinction coefficient did not
appear to be the dominant factor affecting the efficiency of the
devices. The efficiency appeared to be closely related to the hole
mobilities, which are likely affected by the bulk heterojunction
morphology. The relationship between the solar cell efficiency
and the polymer properties appears to be complex. In addition,
there is a significant difference in the performances of PTB7
samples from different suppliers. Possible polymer preparation
and purification method likely affects the performance in
addition to the molecular weight and PDI.

2. EXPERIMENTAL METHODS
PTB7 samples were obtained from 3 different suppliers: (A)
1-Material Inc. (Product number OS0007; lot number YY5220;
MW = 97 000 g/mol; PDI = 2.3); (AN) 1-Material Inc. (Product
number OS0007; lot number YY6116; MW = 108 000 g/mol; PDI =
2.4); (A2) 1-Material Inc. (Product number OS0007; lot number
SX7111C; MW =25 000 g/mol; PDI = 2.0); (A3) 1-Material Inc.
(Product number OS0007; lot number YY5215; MW =50 000 g/mol;
PDI = 2.4); (A4) 1-Material Inc. (Product number OS0007; lot

number SX7099; MW =100 000 g/mol; PDI = 4.0); (B)
Luminescence Technology Corp. (Product number LT-S9050; lot
number 130506001; MW = 78 000 g/mol; PDI = 3.6); (BN)
Luminescence Technology Corp. (Product number LT-S9050; lot
number 1411226002; MW = 79 000 g/mol; PDI = 3.6); (C) Organtec
Materials Inc. (Product code OT-PTB7; lot number 2013041702;
MW = 25 000 g/mol; PDI = 2.0); (CN) Organtec Materials
Inc. (Product code OT-PTB7; lot number 20141230; MW =
82 000 g/mol; PDI = 1.6). PC71BM was purchased from American
Dye Source, Inc. (lot number 11K005E, purity > 99.0%) or from
Luminescence Technology Corp. (Product number LT-S923; lot
number 201410140, purity > 99.0%). The properties and performance
of blend films with PCBM from two different sources were
comparable, and the source of PCBM did not have a significant effect
on the obtained PCE. The molecular weight and PDI of the polymers

Table 1. Properties and Device Performance Parameters Obtained for PTB7 Material from Different Suppliers Spin Coated at
2000 rpma

sample

MW
(g/mol),
PDI (ref)

MW
(g/mol),
PDI (m)

Drms
(nm)

S
(at%)

F
(at%)

d
(nm) Jsc (mA/cm2) Voc (V) FF η (%)

μh
(10−4 cm2/(Vs))

μe
(10−4 cm2/(Vs))

A 97k, 2.3 299k, 3.0 1.4 5.1 1.5 77 15.1 ± 0.2 (15.1) 0.73 ± 0.01 0.70 ± 0.01 7.8 ± 0.1 5.90 3.74

AN 108k,2.4 335k, 3.2 1.2 4.6 1.2 88 14.7 ± 0.1 (14.5) 0.73 ± 0.01 0.71 ± 0.01 7.6 ± 0.1 4.75 3.04

B 78k, 3.6 78k, 2.2 4.0 5.9 1.5 62 11.0 ± 0.2 (10.8) 0.69 ± 0.01 0.56 ± 0.01 4.3 ± 0.1 1.33 3.86

BN 79k, 3.6 104k, 3.1 2.9 5.4 1.5 63 11.4 ± 0.2 (11.4) 0.73 ± 0.01 0.65 ± 0.01 5.4 ± 0.2 1.93 2.95

C 25k, 2.0 25k, 2.0 1.1 5.1 1.5 90 15.1 ± 0.1 (15.2) 0.74 ± 0.01 0.64 ± 0.01 7.1 ± 0.1 3.66 3.80

CN 82k, 1.6 82k, 1.6 2.0 4.9 1.2 65 14.7 ± 0.4 (14.6) 0.71 ± 0.01 0.66 ± 0.01 6.9 ± 0.2 2.49 3.74

A2 25k, 2.0 53k, 2.5 4.4 5.5 1.5 53 11.8 ± 0.4 (11.9) 0.71 ± 0.01 0.55 ± 0.01 4.6 ± 0.1 0.21 0.52

A3 50k, 2.4 70k, 2.3 3.9 5.4 1.3 53 12.5 ± 0.3 (12.6) 0.73 ± 0.01 0.60 ± 0.01 5.5 ± 0.1 0.51 0.59

A4 100k, 4.0 210k, 2.7 1.4 4.4 1.3 62 15.3 ± 0.3 (15.5) 0.72 ± 0.01 0.65 ± 0.01 7.1 ± 0.1 0.79 1.18
aDrms denotes roughness determined using AFM. The average values and errors of performance parameters were obtained from 3 to 6 devices.
Jsc estimated from EQE are given in brackets. Thicknesses d were obtained from ellipsometry measurement. These thickness values were used for the
calculation of mobility values. For MW and PDI, (ref) denotes values provided by the manufacturer, (m) denotes measured values.

Figure 1. (a) I−V and (b) EQE curves of solar cells prepared with
A,B,C-PTB7:PCBM and AN,BN,CN-PCBM with spin coating speed
2000 rpm.
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were provided by Organtec Materials Inc. company. The measure-
ments were performed using a GPC system equipped with two Mixed-
D GPC columns and RI detector. Chloroform was used as the eluent
(flow rate = 1.0 mL/min) and polystyrene narrow standards were used
for calibration.
Blend solutions for all the samples were prepared with the same

procedures. A concentration of 25 mg/mL PTB7:PC71BM solution
(1:1.5) was prepared by dissolving 10 mg of PTB7 and 15 mg of
PC71BM in chlorobenzene/1,8-diiodoctane (97:3 vol %) mixed
solvent. The PTB7 and PC71BM solutions were first stirred separately
for 18 h at 45 °C and then stirred together for further 30 h. The blend
solution was heated up to 70 °C for 1 h before use.
For device fabrication, the device structure was indium tin oxide

(ITO)/poly(3,4-ethylene-dioxythiophene):poly(styrenesulfonate)
(PEDOT:PSS)/PTB7:PC71BM/Ca (20 nm)/Al (100 nm). The
PEDOT:PSS solution (Clevios PVP Al4083) was passed through a
0.45 μm filter and spin-coated on cleaned substrates at 4000 rpm for
1 min followed by annealing at 130 °C for 20 min on a hot plate.
The thickness of PEDOT:PSS film was determined to be 39 ± 4 nm.
The blend solution was then spin-coated on the PEDOT:PSS at

1000, 1500, 2000, 2500, and 3000 rpm for 1 min. After drying in the
glovebox overnight, methanol was spin-coated on top of the active
layer at 2500 rpm for 40 s.7 The prepared samples were then put into a
thermal evaporator for electrode deposition at ∼10−8 Torr. The device
area was 0.12 cm2. The samples were encapsulated in the glovebox
before taking out for characterization. The I−V characteristics of
devices were measured with a Keithley 2400 sourcemeter under AM
1.5 simulated sunlight illumination (ABET Technologies SUN 2000)
at 100 mW/cm2 determined by Molectron Power Max 500D laser
power meter. External quantum efficiency (EQE) was determined by a
QE system from Enli Technology Co., Ltd.

For the determination of refractive index (n, k), blend solutions
were spin-coated on 3 mm thick glass substrates (sufficient thickness
to eliminate errors due to backside reflection in SE which is reflected
outside the detector area). Each set was comprised of samples
prepared at 5 different spinning speeds (1000, 1500, 2000, 2500,
and 3000 rpm) to obtain different thicknesses. SE at 5 angles of
incidence (55°, 60°, 65°, 70°, 75°) and transmission measurement
(T) were carried out with ellipsometer M-2000DI from J.A. Woollam
Inc. The multisample fitting28,29 was carried out for the obtained

Figure 2. Topography (left) and phase (right) AFM images for (a, b) A-PTB7:PCBM, (c, d) B-PTB7:PCBM, and (e, f) C-PTB7:PCBM.
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values of Ψ, Δ, and T from 400 to 900 nm using WVASE32 from J.A.
Woollam Inc.
The surface morphologies of the samples were characterized by

Atomic Force Microscopy (AFM) using an Asylum Research MFP3D
in semicontact (tapping) mode. Specific samples, prepared by spin
coating at 2000 rpm on ITO substrate, were used for the determina-
tion of atomic % of sulfur and fluorine on surface of the blend films
using XPS measurements performed with a Physical Electronics
Quantum 2000 XPS system.
The charge carrier mobility was measured with an SCLC

technique.22,30 The device configurations were ITO/PEDOT:PSS/
PTB7:PC71BM/Au (50 nm) for hole-only devices, and ITO/Al
(50 nm)/PTB7:PC71BM/Ca (20 nm)/Al (100 nm) for electron-only
devices. For hole-only devices, high work function electrodes were
used for hole collection and electron blocking, while for electron-
only devices low work function electrodes were used for electron
collection and hole blocking. Device configurations with hole-selective
and electron-selective configurations were then used for the
transport measurements for holes and electrons, respectively. The
PTB7:PC71BM blend film was prepared in the exactly the same way as

in solar cell preparation. The carrier mobilities were determined using
a space charge limited current equation.22,30

3. RESULTS AND DISCUSSION
We have investigated solar cells prepared with PTB7 from three
different commercial suppliers. The properties of the polymers
investigated and their photovoltaic performance parameters
are summarized in Table 1, while the corresponding I−V curves
and EQE are shown in Figure 1 and Figure S1 (Supporting
Information). It can be observed that the obtained efficiencies
vary on average from 4.6% to 7.8%. The performance of three
polymer samples was compared for the same device preparation
conditions (the same spinning speed for spin-coating), chosen
to be close to the optimal value for most of the samples, that is,
2000 rpm (the photovoltaic performance for different spinning
speeds for each polymer is given in Supporting Information, the
best performance is obtained for 2000 rpm for A-, AN-, A2-,
A4-, BN-, C-, and CN-PTB7, while 1500 rpm results in the best

Figure 3. Topography (left) and phase (right) AFM images for (a, b) AN-PTB7:PCBM, (c, d) BN-PTB7:PCBM, and (e, f) CN-PTB7:PCBM.
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performance for B-PTB7, and 1000 rpm results in the best
performance for A3-PTB7). It can be observed that the film
thickness varies for different samples, despite the fact that
the same spin-coating conditions were used. This is likely due
to the variation in solution viscosity for different molecular
weights and PDI. Nevertheless, it is obvious that there are
significant performance differences for the devices with similar
thickness of the active layer prepared using different PTB7
samples (Supporting Information, Tables S1−S9 for solar cell
performance, Tables S19 and S20 for the thickness values.)
The charge transport and photovoltaic performance can be

significantly affected by the bulk heterojunction morphology.
To examine the morphology and phase separation, AFM measure-
ments were performed, while XPS was performed to obtain
information about the amount of polymer present at the top
surface (cathode interface). The topography and phase contrast
AFM images are shown in Figure 2, Figure 3 and Figure S2
(Supporting Information). It can be observed that the samples
prepared with B-PTB7 and BN-PTB7 exhibit larger roughness
and larger domain size compared to the other samples. Similar
observation applies to A2-PTB7 and A3-PTB7 samples. On the
other hand, the bulk heterojunction morphology for samples
exhibiting high efficiency does not involve large domains or
high surface roughness despite the fact that polymer samples
have significantly different molecular weight (A, AN, C, CN).

Unlike P3HT, PTB7 does not crystallize and the films typically
show a mixture of PTB7-rich and PC71BM-rich phases,12 with
more finely dispersed mixtures resulting in improved photo-
voltaic performance.12,13 The films exhibiting differences in
phase separation did not exhibit any significant differences in
polymer order and orientation.12 However, hierarchical nano-
morphologies were reported for PTB7:PCBM blend films,
although in this case the obtained power conversion efficiency
were below 4.5%.14 Therefore, it is not surprising that the bulk
heterojunctions exhibiting poor performance has significantly
different morphology (coarser phase separation) compared to the
other samples which result in higher efficiency. The inferior
surface morphology was reported to be correlated with reduced
charge mobility in P3HT samples.16 Furthermore, XPS data in
low efficiency samples confirm that larger percentages of sulfur
and fluorine can be found at the surface (see Table 1). Since
sulfur and fluorine are present only in PTB7 and not in PC71BM,
increased amount of sulfur and fluorine on the surface indicates
that a higher percentage of PTB7 is present at the metal electrode
interface. Higher percentage of PTB7 implies lower fullerene
coverage at the cathode interface, which would be unfavorable for
charge collection due to increased leakage currents caused by
undesired hole collection at the cathode interface.5

To examine the optical properties of the films prepared using
the three different PTB7 samples, spectroscopic ellipsometry

Figure 4.Model and experimental data (ellipsometry and transmission) of A-PTB7:PCBM: (a, b, c) 1000, (d, e, f) 1500, (g, h, i) 2000, (j, k, l) 2500,
(m, n, o) 3000 rpm using an oscillator anisotropic model and coupled thickness for SE and T.
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measurements were performed on films of five different
thickness obtained by varying the spin coating speed. The
obtained fitting results (comparison between experimental data
and model calculation) for all thickness values and the model
parameters are summarized in the Supporting Information. As
it is standard in SE, or SE + T, data analysis,28 we use the mean
squared error (MSE) to quantify the “goodness of fit” that is the
ability for an optical model to best describe the experimental
data, which is also summarized in the Supporting Information.
We find that, unlike P3HT which can be described with an

isotropic model without annealing,28,29 PTB7 requires an
anisotropic optical model similar to annealed P3HT.28 Although
PTB7 does not crystallize and the PTB7:PC71BM films typically
consist of a mixture of PTB7-rich and PC71BM-rich phases,12

which would result in reduced likelihood of preferential ordering
of polymer chains, we have verified by multiple approaches
that the consideration of anisotropy was essential to obtain a
simultaneous good fit to the ellipsometry and transmission
values with reasonable thickness values. Different from P3HT,28

some of the samples (certain values of thickness) exhibited a
different quality of fit when all five thicknesses were considered.
Thickness-dependent degree of anisotropy and polymer chain
organization was previously observed in a low band gap
polymer;24 It is therefore expected that the degree of orientation

of polymer chains can be affected by the film thickness (more
oriented in thin films, less oriented in thick films). To improve
the quality of the fit, we have considered the case where the
optical properties for the films with intermediate thickness
values result from a homogeneous mixture, which can be
modeled using an effective medium approximation of the
optical properties obtained from separately fits for the thinnest
(3000 rpm) and the thickest (1000 rpm) films (see Supporting
Information for fitting parameters). The fit quality is improved,
without significantly increasing the complexity of the model
used. The comparison between the EMA fitting and the
simultaneous 5 thickness fitting for A-PTB7:PCBM is shown
in Figures 4 and 5, respectively (see Supporting Information
for remaining samples, since the differences in the fit quality
between two fitting approaches are similar). The differences in
the obtained index of refraction between the two approaches are
small, and mainly in the obtained index of refraction values for
the parallel polarization and they are the most pronounced for
samples B and BN.
The obtained values of the real and imaginary parts of the

index of refraction, n and k, for two polarizations are shown in
Figure 6. We can observe that for perpendicular polarization,
which has larger influence on the measured optical properties,
the extinction coefficients of samples A2, A3, B and BN in the

Figure 5. Model and experimental data (ellipsometry and transmission) of A-PTB7:PCBM using EMA approach using the 1000 and 3000 rpm as
basis components (see text and detailed data analysis in Supporting Information) and coupled thickness for SE and T: (a, b, c) 1000, (d, e, f) 1500,
(g, h, i) 2000, (j, k, l) 2500, and (m, n, o) 3000 rpm.
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region below 600 nm are smaller than those of A, AN, C,
and CN. However, the lowest energy transition (peak in kx at
∼680 nm) is more pronounced in the samples A, AN, A4, C,
and CN. Nevertheless, the small differences in the extinction
coefficients are not expected to result in significant enough
differences in the absorption of the cells and thus cannot
explain the difference in photovoltaic performance. The overall
absorption is smaller for samples B and BN because of their
lower thickness, but there is no clear relationship between the

calculated absorption of the film (kxD/λ, where D is the film
thickness for 2000 rpm spinning speed) and the power
conversion efficiency for different PTB7 samples.
Photovoltaic performance is affected by both optical absorp-

tion and charge transport. To examine charge transport in more
detail, the electron and hole mobilities were determined from
SCLC measurements,22,30 as shown in Figure 7. It can be observed
that the mobility trends follow the trend of PCE, indicating
that the charge transport significantly affects the efficiency.

Figure 6. Ordinary and extraordinary real (nx, nz) and imaginary (kx, kz) values of the refractive index of A, AN, B, BN, C, and CN-PTB7:PCBM
blends obtained by (a) using an oscillator anisotropic model and coupled thickness for SE and T and fitting all five thicknesses simultaneously. (b)
EMA approximation for the 2000 rpm film using optical properties of 1000 and 3000 rpm films as basis components. (c) Refractive index of A, AN,
A2, A3, and A4-PTB7:PCBM blends obtained by EMA approximation for the 2000 rpm film using optical properties of 1000 and 3000 rpm films as
basis components.
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The obtained values for the electron mobility are somewhat
lower compared to a previous report (2.1 × 10−3 cm2 V−1s−1).7

The hole mobilities obtained are comparable to the pre-
vious reports (1.6 × 10−4 cm2 V−1s−1 and 2.85−6.30 ×
10−4 cm2 V−1s−1).7,15 However, unlike previous work which
found that hole mobility increases with increased molecular
weight,15 no such clear molecular weight dependence can be
observed in our work when comparing the PTB7 provided from
three different suppliers. It is possible that the optimized PTB7
synthesis procedures and conditions would not be the same
among the suppliers, which will affect the trends of hole mobility
of the samples. This is also likely because charge transport is also
related to PDI, with smaller PDI (samples C and CN compared
to samples B and BN) likely to result in more regularly ordered
molecular structure which is more favorable for charge transfer.15

It was previously shown that the decreasing hole mobility with
decreasing molecular weight can be attributed to the increased
charge hopping distances because of less efficient inter-
molecular charge transfer.22 However, the effect of PDI was
not investigated.22 Nevertheless, it can be expected that both
MW and PDI would affect the availability of the hopping sites
and thus the probability of intermolecular charge transfer and
consequently the charge mobility.22

To study the effect of molecular weight on carrier mobility
more comprehensively and exclude the influence of different
synthesis methods, we further conducted the experiments by
using the PTB7 with different molecular weight synthesized
by the same supplier. If we consider only the data from the
same supplier (A, AN, A2, A3, A4) we can see that there is an
increase in hole mobility and power conversion efficiency with

increasing molecular weight. The dependence on PDI is less
clear. Comparing different suppliers, high efficiency can be
achieved for both large MW and large PDI (A, AN, A4) or
lower MW and low PDI (C, CN). However, due to large
differences in the performance of the samples with similar
properties in terms of MW and PDI (B, A3), as well as large
variation of performance among different suppliers for samples
with lower molecular weights, we can also conclude that the
polymer synthesis and purification process may have a
significant influence on the photovoltaic performance. Contrary
to a recent study which examined 5 commercial samples
(four from Solarischem and one from Solarmer),27 the samples
that exhibited low efficiency (B, BN, A2, A3, see Supporting
Information) do not show bimodal distribution in the molec-
ular weight distribution curves. Thus, it is clear that presence of
substantial amount of low molecular weight components27

is not the only factor which can result in an unfavorable bulk
heterojunction morphology. We clearly demonstrated that
efficient solar cells can be achieved both for large Mw and large
PDI (A, AN, A4) or lower MW and low PDI (C, CN). The
difference between our results and the report on the effect of
polymer distribution is likely because of different commercial
sources of polymer, and possibly different experimental con-
ditions for gel permeation chromatography (GPC) measure-
ments. However, it should be noted that we used more samples
from one supplier as well as more suppliers compared to other
reports.15,27 From the fact that all 3 low performance samples
came from the same supplier,27 it can be concluded that other
factors such as polymer synthesis and purification are equally
important as the presence of low molecular weight species that
contributed to the inferior photovoltaic performance. It should
be noted, however, that in our study as well we found that
samples exhibiting coarser morphology (B, BN, A2, A3) exhibit
lower power conversion efficiency. The dependence of the film
morphology and phase separation on the PTB7 properties is
likely complex, and it is possible to obtain favorable morpho-
logy and high efficiency with more than one combination of
polymer properties in terms of MW, PDI, and the molecular
weight distribution.
It should also be pointed out that, as expected, there is a small

variation in the performance between samples with different lot
numbers for the same commercial suppliers. For each supplier,
the performance between the lot numbers with similar polymer
properties is reasonably consistent, with B and BN exhibiting
the largest difference in performance and properties. For these
particular samples, the polymer powder also appears to be
different upon observation by a naked eye (loose powder vs
large clumps). This can possibly occur due to broad distribution
of the molecular weights in B and BN samples, and possibly
related to polymer synthesis and purification process used since
other samples with large PDI can exhibit high efficiency.

4. CONCLUSION
We have studied the properties and photovoltaic performance
of PTB7:PC71BM blend films, for different molecular weights
and polydispersity indices of PTB7. We have performed a
comprehensive morphological, optical and electronic character-
ization of the films. We found that PTB7 properties affected
the bulk heterojunction morphology, extinction coefficient and
charge transport. The cells with the lower efficiency exhibited
coarse phase separation with large domain size and higher
surface roughness, lower extinction coefficient for the lowest
energy transition for perpendicular polarization, and lower hole

Figure 7. Electron (μe) and hole (μh) mobilities of different samples;
dependence of hole mobilities (b) on molecular weight and (c) on
polydispersity. MW and PDI are measured values. PCE values are also
shown for comparison.
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mobilities. These samples generally exhibited larger PDI values
in combination with lower Mw. Good photovoltaic perfor-
mance (PCE 6.9−7.8%) could be obtained with a wide range of
PTB7 properties (higher MW with higher PDI, or lower MW
with lower PDI).
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different fitting options; XPS data; and molecular mass
distributions of different samples. The Supporting Information
is available free of charge on the ACS Publications website at
DOI: 10.1021/am5085034.
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